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Method for controlling supply of fuel to a combustion engine 
Technica l Field of the Invention 

The present invention relates to methods for controlling fuel supply to a combustion engine. 
The invention also relates to a computer program, an ECU (Electronic Control Unit) and a 
computer program product for performing the methods. 

Background of the invention 

Electronic control of fuel injection to combustion engines in vehicles is used today due to the 
advantages enabled through the electronic control in comparison with a mechanical control 
system. Electronic control has significantly contributed to make e.g. the diesel engine more 
powerful, more efficient, cleaner and quieter. US-5131371-A discloses a part of such an 
electronic control system for a diesel engine. 

A demanded fuel supply to a diesel engine is typically substantially proportional to a 
requested engine torque. The actual fuel supplied to the cylinders of the engine shall ideally 
be directly proportional to the demanded fuel supply. Hence the actual fuel supply shall 
ideally be proportional to the requested engine torque. However, m some fuel injection 
systems the conespondence between the actual fuel supply and the demanded fuel supply has 
not been satisfying during certain work conditions and demanded fuel quantities. This 
unsatisfying correspondence is caused by hydraulic instability in the fuel injection system, 
where the hydraulic instability may be caused e.g. when a fuel quantity control valve in the 
fuel injection system closes a fuel passage in the valve. The valve may for instance comprise 
a closing means, which is forced against a stop surface when closing the passage. The passage 
needs to be closed rapidly and the closing means may therefore bounce on the stop surface 
when closing the passage, thus enabling undesired leakage of fuel through the passage. This 
leakage causes the actual fuel quantity to differ from the demanded fuel quantity. If the 
demanded fuel quantity is small, the leakage is relatively high compared to the demanded fuel 
quantity. This makes the fuel injection control more difficult A driver of the vehicle 
experiences the hydraulic instability through e.g. undesirable and distracting noise. 
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In some systems, hydraulic instability causes problems when a small increase of fuel supply is 
demanded and the current fuel supply is relatively low. The hydraulic instability here causes a 
decrease of torque and actual fuel supply although a higher fuel supply than in the injection 
cycle before is demanded (see also Fig. 1). To avoid the danger of an unstable fuel injection 
control system caused by this non-linear correspondence between the demanded fuel supply 
and the actual fuel supply, the fuel injection control system must be more stability robust than 
it would have to be if the non-linearity would not exist. There also has to be higher demands 
on the insensitivity of the fuel injection control system in order to keep it sufficiently accurate 
and reject disturbances. A way to compensate for the non-linearity is to develop a 
compensation routine for the control system, but this adds to the complexity and the 
computing time and is not accurate since the range of non-linearity depends on the individual 
vehicle configuration and the temperature of the fuel. 

In order to avoid the hydraulic instability problems during the most frequently used driving 
conditions, fuel injection systems usually are designed in such a way that the hydraulic 
instability affects the fuel injection system within a range of low engine torque values. The 
fuel supply in this range is preferably designed to be lower than the fuel supply during idle 
speed. Hydraulic instability is however likely to affect the fuel supply also in ranges above 
idle speed. There are driving conditions wherein the fuel supply may be within the ranges 
where instability occurs, such as during cruise control at relatively low engine torque and 
during electronically controlled automatic or semi-automatic gear shifting in a smooth way. 

Summarv of the invention 



An object of the present invention is to decrease vibration and noise caused by a combustion 
engine during certain driving conditions in e.g. a vehicle, such as during cruise control at 
relatively low engine torque and when automatically or semi-automatically shifting gear 
through a gearbox connected to the engine. 

Another object of the invention is to enable a stability robust and insensitive control system 
also in fuel quantity ranges where hydraulic instability occurs. 

Yet another object of the invention is to enable smoother driving of an engine during certain 
driving conditions. 
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The invention relates to a method for controlling supply of fuel to a combustion engine, e.g. a 
self-igniting internal combustion engine in a vehicle, having a first group of cylinders and a 
second group of cylinders. The method comprises according to a first aspect the steps of: 
determining if a demanded total fuel quantity to the combustion engine is below a first 
predetermined total fuel quantity; 

and, if the demanded total fuel quantity to the combustion engine is below the first ' 
predetermined total fuel quantity, increasing the fuel supply to the first group of cylinders 
with a value determined by the demanded total fiiel quantity and decreasing the fuel supply to 
the second group of cylinders with substantially the same value. The value shall here of 
course be understood as an absolute value. Through the method it is achieved that a fuel 
quantity range or ranges below the first predetermined total fuel quantity and in which 
range/ranges hydraulic instability occurs may be avoided by letting the fiiel quantity injected 
into the first group of cylinders be above the range and the fiiel quantity injected into the 
second group of cylinders be below the range, without affecting the average fuel quantity 
injected into the cylinders. To group all or some of the cylinders of the engine into the first 
and the second group shall be understood as any predetermined grouping of the cylinders, 
regardless of the basis for the grouping. The cylinders can belong to one of the first and 
second group due to e.g. physical position related to each other; a common fiiel quantity 
actuator; other hydraulic, pneumatic or electric control means in common; and due to any 
other predetermine constructional or abstract "rule" implemented for the control of the engine, 
such as ignition order, where e.g. every second cylinder in the ignition order belongs to the 
first group and the remaining cylinders belong to the second group. 

The value may be reciprocally proportional to the demanded total fuel quantity on at least a 
part of a demanded total fuel quantity range between zero demanded total fuel quantity and 
the first predetermined total fuel quantity. Hereby is achieved that that the increase and 
decrease respectively injected into the cylinders for at least a part of the total fuel quantity 
range increase as the demanded total fuel quantity becomes lower. 

The value may be reciprocally proportional to the demanded total fuel quantity in the whole 
demanded total fuel quantity range between a second predetermined total fuel quantity and the 
first predetermined total fuel quantity. Hereby is achieved that the relative increase of an 
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offset from a mean fuel quantity for the cylinder increases when the demanded total fuel 
quantity decreases. 



The value may also be highest and constant in a demanded total fuel quantity range between a 
second predetermined total fuel quantity and a third predetermined total fuel quantity, which 
is larger than the second predetermined total fuel quantity, but smaller than the first 
predetermined total fuel quantity. 

The method may according to a second aspect comprise the steps of: 

determining if a demanded fuel quantity to a cylinder is below a first predetermined fuel 

quantity; 

and, if the demanded fuel quantity to the cylinder is below the first predetermined fuel 
quantity, increasing the fiiel supply to the first group of cylinders with a value determined by 
the demanded fuel quantity and decreasing the fiiel supply to the second group of cylinders 
with substantially the same value. 



The value may also here be reciprocally proportional to the demanded fuel quantity on at least 
a part of a demanded fiiel quantity range between zero demanded fuel quantity and the first 
predetermined fitel quantity. 

The value may here be reciprocally proportional to the demanded fuel quantity in the whole 
demanded fuel quantity range between a second predetermined fuel quantity and the first 
predetermined fuel quantity, the second predetermined fuel quantity being smaller than the 
first predetermined fuel quantity. 

The value may be highest and constant in a demanded fuel quantity range between a second 
predetermined fuel quantity and a third predetermined fuel quantity, which is larger than the 
second predetermined fuel quantity, but smaller than the first predetermined fuel quantity. 
The second predetermined fuel quantity may be the zero demanded fuel quantity. 

The fuel supply may be increased to every two cylinders of all cylinders of the engine and 
decreased to the other cylinders of the engine according to an ignition order for all the 
cylinders of the engine. Hereby is achieved that a relatively even torque is provided by the 
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engine compared to an embodiment where the decrease and increase of the fiiel supply to the 
respective cyhnders is distributed in another way. 

The value may for some embodiments always be less than 100%. Hereby is achieved that the 
fuel supply to the cylmders of the second group is not shut off completely. 

The steps of the method may be performed during at least a part of a gear shifting procedure 
controlled by an electronic control unit for semi-automatic or automatic gear shifting. 

The steps of the method may alternatively or in addition be performed when an automatic 
cruise control system for a vehicle controls the combustion engine. 

The method also relates to a computer program comprising computer readable code means, 
which when run on a computer for controlling fuel supply to a combustion engine cause the 
computer to perform the steps of the first or second aspect of the method. 

Furthermore, the invention relates to an ECU in a vehicle for controlling fuel supply to a 
combustion engine in the vehicle. The ECU comprises a storing means and the computer 
program recorded thereon. 

Moreover the invention relates to a computer program product, comprising a computer 
readable medium, which comprises the computer program. The computer program product 
may be a floppy disc, a DVD, a CD, a hard disk or any other non-volatile memory. 

Brief Description of the Drawings 

The objects, advantages and effects as well as features of the present invention will be more 
readily understood from the following detailed description when read together with the 
accompanying drawings, in which: 

Fig, 1 is a diagram showing the actual fiiel supply to one cylinder as a function of a demanded 
fuel supply to that cylinder. 

Fig. 2 is a schematic block diagram of a system according to one embodiment of the 
invention. 
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Fig. 3 is an outline diagram of a fuel injection system that can be used together with the 
invention, 

Fig. 4 schematically shows an ECU for controlling the engine according to the invention. 
Fig. 5 is a schematic flow diagram for a method according to the invention, and 
Fig. 6 is a diagram showing offset profiles according to the invention. 

Detailed Description of Embodiment.<t 

While the invention covers various modifications and alternative constructions, some 
embodiments of the invention are shown in the drawings and will hereinafter be described in 
detail. However it is to be understood that the specific description and drawings are not 
intended to limit the invention to the specific forms disclosed. On the contrary, it is intended 
that the scope of the claimed invention includes all modifications and alternative 
constructions thereof falling within the spirit and scope of the invention as expressed in the 
appended claims to the full range of their equivalents. 

Fig. 1 shows an actual fuel quantity injected into a cylinder of an internal combustion engine 
in a vehicle as a fimction of the demanded fiiel quantity for that cylinder. The figure could for 
a diesel engine as well show an actual engine torque contribution from the cylinder as a 
function of a demanded torque contribution, since injected fuel quantity is closely related to 
the engine torque. It is to be understood that the term 'fuel quantity' in the rest of the 
specification, including the claims, could be replaced by 'engine torque' when applied to a 
diesel engine, since the spirit of the invention is the same regardless of whether 'fuel quantity' 
or 'engine torque' is referred to regarding diesel engines. Line LI shows the ideal, linear 
correspondence between the demanded fuel quantity and the actual fuel quantity. Line L2 is 
an example of a real correspondence between the demanded fuel quantity and the actual fuel 
quantity at relatively low fuel quantities. Due to hydraulic instability, an increased demand of 
fuel within a fuel quantity range A gives a decreased actual quantity of fuel. Thus it is 
undesirable let the cylinders of the engine work in this range for reasons mentioned above. 

Fig. 2 schematically shows a combustion engine 1 in the form of an internal diesel engine in a 
vehicle 2, such as a truck and a bus, equipped with an even number of cylinders. The 
invention may be used in any suitable fuel injection system, such as an UPS (Unit Pump 
System), a CRS (Common Rail System) and an UIS (Unit Injector system). An ECU 3 with 
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an engine control computer program controls the fuel quantity injected into each cylinder and 
may e.g. in the case of an UIS be electronically connected to valves positioned in e.g. each 
unit injector or at another position upstream the unit injectors for control of the fuel injection. 

5 Fig. 3 is an outline diagram of the hydraulic part of an exemplary UIS in which the invention 
can be utilised. In this example the engine 1 comprises six cylinders 4a-4b with an associated 
unit injector each. Fuel is taken from a fuel tank 5 by a feed pump 6, which forces the fuel 
through a fuel filter 7 and a stop-valve 8. As can be seen in Fig. 3, the unit injectors and 
thereby also the cylinders are hydraulically divided into a first group and a second group with 

10 three cylinders/fuel injectors each. 4a and 4b respectively. The fiiel quantity supply and the 
fuel injection time for the cylinders 4a in the first group is controlled by the ECU 3 through 
two actuators 9a-9b downstream of the stop-valve 8, where one of the actuators, 9b, is used 
for controlling the fiiel injection time and the other, 9a, is used for controlling injected fuel 
quantity. In the same way, two other actuators 9c-9d positioned downstream of the stop valve 

15 8 and hydraulically parallel with the first two actuators 9a-9b are used by the ECU 3 to 

control the fiiel injection time and the injected fiiel quantity to the cylinders 4b of the second 
group. The actuators are for instance magnetic valves. 

Fig. 4 schematically shows the ECU 3, which comprises a microcontroller 10, which in this 
20 emboidment comprises a CPU (Central Processmg Unit) and RAM (Random Access 

Memory) and at least one non-volatile memory 13, such as a ROM (Read-only Memory), an 
EPROM (Erasable Programmable Read Only memory) and a Flash memory. An engine 
control computer program 14 is stored in the non-volatile memory and causes the ECU 3 to 
inter alia control the fiiel injection to the engine 1. Other software may as well be stored in the 
25 non-volatile memory 13, e.g. a cruise control computer program 1 5 and a vehicle speed 
limiting computer program 16. The microcontroller 10 is connected to a CAN (Conto-oller 
Area Network) interface 1 7 via a first databus 18a for communication with other ECUs, such 
as ECUS for an automatic gearbox system 19 (see Fig. 2), brake system and adaptive cruise 
control system, via a vehicle internal CAN 20 (see Fig. 2). The microcontroller 10 is also 
30 connected to input signal circuitry 2 1 via a second data bus 1 8b for receiving signals from 
different ECU internal and external sensors (not shown) connected directly to the ECU 3 and 
output signal circuihy 22 via a third data bus 18c for operating and sending signals to the 
actuators 9a-9d as well as other actuators and relays. Furthermore, several types of data 
storing means/computer program products 23 may be connected to the microcontroller 1 0 
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through a fourth data bus 18d. Such a storing means 23 may be an EEPROM (Electrically 
Erasable Programmable Read Only Memory), a second ROM or a hard disk. 

Having described an embodiment of a system in which a method according to the invention 
may be implementet, a method according to the invention will now be described in 
conjunction with Fig. 1, Fig. 5 and Fig. 6. It must be understood that the method described 
here can be incorporated and used in combination with known computer program modules 
that may be comprised in the engine control computer program 14. Examples of such 
computer program modules are an injected-fuel quantity limiting module, an idle speed 
control module, engine start control module, an intermediate-speed control module and an 
injected-fuel quantity compensation module. In a first step SI of a first aspect of a method, an 
instantaneous, demanded total fuel quantity is calculated by the ECU 3 when the engine 1 is 
running. The demanded total fuel quantity is affected by signals from sensors such as an 
accelerator pedal sensor and an engine speed sensor and signals from other vehicle systems 
such as a braking system, a stability system, and a traction control system. The manual engine 
power demand indicated by the accelerator pedal sensor may also be overridden by a cruise 
control system, a vehicle speed limiting system or an automatic or semi-automatic gear 
shifting system. The calculation itself depends upon maps, which also take other influences 
into account, such as fiiel and intake-air temperature. The maps and the calculation are as such 
known in the art and are therefore not described more in detail. According to a second aspect 
of the method, an individual demanded fuel quantity for each cylinder is calculated in 
addition or alternatively to the demanded total fuel quantity. The demanded fuel quantity for a 
cylinder may e.g. be calculated by dividing the demanded total fuel quantity with the number 
of cylinders. 



Instead of the ECU 3, other ECUs such as the ECU 19 for an automatic or semi-automatic 
gear shilling system may perform the calculation in step SI and send the output to the ECU 3. 
In other words, the method is not dependent upon where the calculation is performed as long 
as the imit that performs the calculation is connected to the ECU 3. 

Afier step SI, the method continues with a second step S2, in which, according to the second 
aspect, it is determined if the demanded fuel quantity for a cylinder, is below a value equal to 
a first predetermined fuel quantity P. According to the first aspect, it is determined if the 
demanded total fuel quantity to all the cylinders 4a-4b is below a value equal to the first 
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predetermined fuel quantity P times the number of cylinders. The first predetermined fuel 
quantity P may be below the required fuel quantity for idle speed I (see Fig. 1) but may also 
be set to any value above the idle speed dependent on e.g. the type of utilised fuel injection 
system and driving condition in which the hydraulic instability is likely to occur. If the 
demanded fuel quantity is above the first predetermined fuel quantity P and the demanded 
total fuel quantity is above the fust predetermined fuel quantity times the number of cylinders 
respectively, no adjustment of the demanded fiiel quantity to each cylinder 4a-4b is 
considered necessary and the method returns to step SI. If the demanded fuel quantity is 
below the first predetermined fuel quantity P and the demanded total fuel quantity is above 
the first predetermined fuel quantity times the number of cylinders respectively, the method 
continues with a third step S3. 

In step S3, a value of an increase or decrease of the fuel quantity distributed to each cylinder 
4a-4b is determined by the ECU 3. There is no change of the demanded total fuel quantity 
calculated in step SI, but the substantially equal quantity distributed to each cylinder 4a-4b is 
going to be changed into an unequal distribution between the cylinders 4a-4b. In the system 
described above, an increase of the fuel supply to the first group of cylinders 4a is determined 
according to a curve/map stored in the ECU 3 and described below in conjunction with Fig. 6. 
In order to substantially preserve the demanded total fiiel quantity to the engine 1, a decrease 
of the fuel supply to the second group 4b is also determined, where the decrease is 
substantially equal to the fuel supply increase for the first group. 

In a fourth step S4, subsequent to step S3, the fuel supply to each cylinder 4a-4b is calculated 
using the increase and decrease determined in step S3. In the case of a system according to 
Fig. 3, it is only necessary to calculate the fuel supply to each group and thereby simplify the 
calculation and indirectly calculate the fuel supply to each cylinder 4a-4b as each cylinder in a 
specific group is supplied with a substantially equal amount of fuel for a stroke cycle for 
which the calculation has been performed. 

In step S5 after step S4, the ECU 3 controls the actuators in order to supply the fuel, which 
was calculated in step S4, to each cylinder. After step S5, the method returns to step SI. 



Fig. 6 discloses a fuel supply offset for a cylinder as a function of the demanded fuel supply 
for that cylinder as it was calculated in step SI in the second aspect of the method. The offset 
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means a decrease of the fuel supply to the cylinder if the cylinders belong to the second group 
and an increase if the cylinder belongs to the first group. 100% offset means a 100% decrease 
or 100% increase of fiiel supply to the cylinder and thereby no fuel supply at all to the 
cylinder if the cylinder belongs to the second group or a doubled fuel supply to the cylinder if 
the cylinder belongs to the first group. Correspondingly 0 % offset means no decrease or 
increase of the fuel supply to the cylinder. A first curve CI shows a correspondence according 
to a first embodiment and comprises a straight horizontal part at the level of a 100 % offset 
for a demanded fiiel supply calculated in step SI and being between a second predetermined 
fiiel quantity Z, which may be zero and a third predetermined fuel quantity Q, which is 
smaller than the first predetermined fiiel quantity P, but larger than the second predetermined 
fuel quantity Z. In the range between Q and P, there is a reciprocally proportional 
correspondence between the demanded total fiiel supply and the offset. This is shown as a 
straight, inclined second part of the first curve CI, where the offset is 100% at the third 
predetermined fuel quantity Q and 0% at the first predetermined fuel quantity P. 

An inclined, straight, second curve C2 shows a second embodiment in which the offset is 
reciprocaUy proportional to the demanded fuel quantity calculated in SI in the fuel quantity 
range between the second predetermined fiiel quantity Z and the first predetermined fuel 
quantity P. The offset is 100 % at the second predetermined fuel quantity Z and zero when the 
demanded fuel quantity is equal to the first predetermined fuel quantity P. 

A third curve C3, represent a third embodiment similar to the first curve CI, but here a 
straight horizontal part of C3 between the second predetermined fuel quantity Z and the third 
predetermined fiiel quantity Q shows a smaller offset R, i.e. below 100 %. In the range 
between Q and P, there is a reciprocally proportional correspondence between the demanded 
total fuel supply and the offset. This is shown as a straight, inclined second part of the third 
curve C3, where the offset is R % at the third predetermined fuel quantity Q and 0% at the 
first predetermined fuel quantity P. 

An inclined, straight, fourth curve C4 shows a fourth embodiment in which the offset is 
reciprocally proportional to the demanded fuel quantity calculated in SI in the fuel quantity 
range between the second predetermined fuel quantity Z and the first predetermined fuel 
quantity P. The ofifeet is R % at the second predetermined fuel quantity Z and zero when the 
demanded fuel quantity is equal to the first predetermined fuel quantity P. An offset 
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calculation according to the third and fourth curves, C3 and C4 respectively, is especially 
advantageous if a cruise control system has taken over the control of the demanded fuel 
quantity since a total shut-off of fuel injection to cylinders is undesired during cruise control. 
This is due to that the noise caused by hydraulic instability is lower if the fuel supply is not 
completely shut-ofif to a cylinder and because cruise control may go on for a relatively long 
time. 



Other types of curves may of course also be used, such as a non-linear, fifth curve C5. 

10 It is obvious that instead of showing the offset for a cylinder as a function of a demanded fuel 
quantity of a single cylinder in Fig. 6, the offset as a function of the demanded total fiiel 
quantity calculated in step SI could have been appended instead of Fig. 6, since such an 
alternative figure would show curves of the same types as the curves C 1 -C5, 

1 5 A demanded fuel quantity for a cylinder, in Fig. 1 shown as a fuel quantity E, within the range 
A may due to the hydraulic instability create problems for the control of the fuel injection. 
Through the offset determination and calculation of a new demanded fiiel quantity for each 
cylinder according to the steps S3 and S4, the cylinders 4a in the first group gets a higher 
quantity of fuel, which is above the range A. This is illustrated with a first dot Dl. The 

20 cylinders in the second group gets a lower quantity of fuel, which is below the range A. This 
is illustrated with a second dot D2. Hence problems associated with range A is avoided. 

In a UIS having a fuel quantity actuator for every cylinder of the engine, each cylinder can be 
controlled individually and not in groups of three as in the system discussed above in 
25 conjunction with Fig. 3. However in both these types of UIS, every two cylinders in a 

predetermined ignition order for the cylinders may belong to the first group and the remaining 
cylinders belong to the second group. It is of course also possible to leave out one or more 
cylinders, so that the left out cylinders are not affected by the invention. Such embodiments 
would however not be as beneficial as if all the cylinders were affected by the invention. 



